Abstract IL-la, IL-1l3, and tumor necrosis factor a (TNF-a) gene expression is induced by LPS (endotoxin) in monocytes/macrophages and in some monocytic cell lines. IFNy and la,25-dihydroxyvitamin D3 (1,25[0H12D3) are important macrophageactivating factors. They induce changes in the human monocyte cell line U937 that reflect cellular differentiation.
Introduction
Several distinct signals are capable of activating monocytes/ macrophages to express new phenotypic markers such as specific enzymes and surface antigens or to secrete specific cytokines (1, 2) . Distinct macrophage activation programs can be recognized. For instance, endotoxin activates the IL-1 and tumor necrosis factor a (TNF-a)' genes, resulting in an increase in the production of these cytokines (2, 3) , while IFN-'y 1 . Abbreviations used in this paper: 1 a,25-dihydroxyvitamin D3, 1,25(OH)2D3; TNF-a, tumor necrosis factor-a.
induces the expression of the MHC class II genes, with a resulting increase in the surface expression of class II antigens (3) . A number ofbiological and clinically important molecules are expressed by activated macrophages and yet the complex interactions involved in this activation process are still poorly understood. Since certain activators can affect the maturation and differentiation of monocytes/macrophages, it is of interest to explore if such changes can affect the response of monocytes/macrophages to specific stimuli. Two important modulators of monocytes/macrophages, IFN-'y or 1a,25-dihydroxyvitamin D3 (1 ,25 [0HJ2D3) (4, 5) , were chosen to study possible effects on the pattern of subsequent activation of IL-1 and TNF genes in response to endotoxin.
Interleukin-1 a and /3 and TNF-a are pleiotrophic macrophage products that share a large number of biological properties ranging from the induction of fever to the activation of T lymphocytes (6, 7) . Both IL-l and TNF are induced in monocytes/macrophages or in the monocytic cell line THP1 by LPS or endotoxin, and this induction process is known to involve the activation ofthe relevant genes (8, 9) . The induction ofthe IL-1 gene in THP1 cells in particular has been studied in detail, and it was shown that LPS activates IL-I# gene transcription very rapidly and only in a transient fashion (10) . The existence of a repressor of IL-1 gene transcription, responsible for the remarkably short duration of the transcription process, has been postulated.
We had observed earlier that preincubation of the monocytic cell line U937 with IFN-'y affects the response of these cells with respect to IL-1, PGE2, and superoxide production (1 1 ( 19) were used as controls in nuclear transcription assay.
Nuclear transcription assay. The nuclear transcription assay was performed essentially as described (20 (Fig. 1 A, lanes 1-3) . We observed only a slight effect of IFN-,y on TNF-a mRNA ( Fig. 1 B well as TNF-a mRNA (Fig. 1, A and B, and Fig. 2 A) .
Since it was observed earlier that preexposure of U937 to IFN-y modified the response of these cells (1 1), we analyzed the effect of preincubation of U937 cells with IFN-'y on the subsequent induction of IL-I by LPS. As shown in Fig. 1 A, one observes a strong increase in the IL-I mRNA response to LPS compared with cells not preincubated with IFN-'y. A similar potentiation of the effect of LPS was seen in the case of IL-Ia mRNA (data not shown) and TNF mRNA (Fig. 1 B) .
We can therefore conclude that exposure of U937 cells to IFN-'y has rendered them considerably more responsive to the LPS stimulatory signal.
PMA is also capable of inducing IL-1 and TNF genes. Again, preincubation of the cells with IFN-'y resulted in an increase in the IL-1(3 mRNA response to PMA stimulation (Fig. 1 A) . Interestingly, this potentiation of the effect of PMA is not seen in the case ofthe TNF response, where one observes instead a reduction of TNF mRNA in cells preincubated with IFN-y (Fig. 1 B) . or to PMA. As seen in Fig. 1 A, (Fig. 2 A) . As mentioned above, this response concerns the particular U937 line used in this study, while other such lines are unresponsive to LPS (21) . In the case of another monocytic cell line, THP1, it has been well documented that the short duration of the mRNA response reflects a transient activation of transcription together with a fairly short half-life of the mRNAs (10) . After preincubation of U937 cells with IFN-'y for 24 h (Fig. 2 B) (Fig. 3) . gradually around 2-3 h after the addition of LPS and more importantly, the level of newly made IL-mRNA was maintained at a high level for as long as 16 h (Fig. 3) . This unusual and sustained pattern of IL-1 gene activation in response to LPS was observed on several independent experiments and after 72 h of preexposure to IFN-y.
To explore further this effect of IFN-,y on the prolonged IL-1 mRNA response to LPS, we analyzed the state of IL-la and A gene transcription under these conditions by run-off experiments. As seen in Fig. 4 , cells pretreated with IFN-'y for 72 h responded to LPS with continuous transcription of the IL-a and genes.
Contrary to what was observed with IL-genes, the same prolonged preincubation with IFN-,y had much less effect on the kinetics of appearance of TNF mRNA (Fig. 3, open diamond) . Thus, IFN-,y had modified the pattern of response of the IL-I a and IL-f genes to LPS without altering the response of the TNF gene. 
Discussion
The kinetics of IL-I gene expression in response to LPS are modified by prior exposure to IFN-y. LPS is a physiological inducer of the transcription of both IL-I and TNF genes, and this process is characteristically of short duration in monocytes/macrophages. In the monocyte cell line THP I, one observes shortly after induction by LPS a repression of transcription of the IL-I gene, and it was suggested that this "clamping" effect is the result of a transcriptional repressor factor (10). This rapid repression of IL-I gene expression results in a burst of IL-I mRNA and a burst of IL-I in response to LPS (10) . A number of other genes have also been shown to be activated transcriptionally in a transient manner with evidence for short-lived repressor molecules (23) (24) (25) . Although U937 cells were described as being unresponsive to LPS with respect to ILl genes (21, 22) , we have identified sublines of U937 that do respond to LPS. With such a line, the induction of IL-1 mRNA by LPS is also transient with a maximum around 3-4 h (Fig. 2 A) . These differences may reflect the state of differentiation of different sublines of U937 after a very large number of generations.
The second conclusion from the work reported here is that the LPS-induced activation ofboth IL-I and TNF genes can be potentiated by prior incubation of U937 cells in the presence of either IFN--y or 1,25(OH)2D3. We observed that control cells, as well as cells incubated with IFN-'y for only 24 h, responded to LPS with a transient burst of IL-I expression (Fig. 2, A and B) . (28, 29) . The mechanism ofthis enhanced secretion of IL-1 is not known. In the U937 cell line, IFN-y inhibits cell proliferation (30) , stimulates antibody-dependent cellular cytotoxicity and the expression of Fc receptors (31) , and induces the ability to generate a respiratory burst (32) . IFN-,y alone does not induce IL-1 production by U937 cells (33 and is well known as a regulator of calcium homeostasis and bone metabolism in man (34) , is also recognized as an immunomodulatory hormone (35) . 1,25(OH)2D3 is involved in myeloid differentiation and affects monocyte/macrophage functions. Like IFN-"y, 1,25(OH)2D3 activates the oxidative metabolism (36) and increases IL-I production (37) of freshly isolated human monocytes. Like IFN-y, 1,25(OH)2D3 also inhibits cell proliferation, increases Fc-receptor expression and antibody-dependent cellular cytotoxicity of U937 cells (38) , and enhances the competence ofthese cells to produce oxygen metabolites (1 1). 1,25(OH)2D3 increases IL-1 production, not alone but in association with a factor expressed by human T lymphocytes (39) . In contrast to these similarities, 1,25(OH)2D3 differs from IFN--y in its capacity to alter cellular response to PGE2. 1,25(0H)2D3, but not IFN-y, decreased the cellular content of adenosine cAMP and shifted the dose-response curve in response to PGE2 in U937 cells (40) . In contrast to IFN-,y, 1,25(OH)2D3 lowered HLA-DR expression on human peripheral blood monocytes (41) . 
